Argan oil is extracted from the kernels of the fruit of the argan-tree {Argania spinosa (L.) Skeels; Sapotaceae}, a tree exclusively endemic to Morocco. The worldwide commercial success of argan oil is currently impacting the seed-oil market, and in Morocco, the local economy and the sustainable development of the argan forest [1, 2] . Because of its high level of unsaturated fatty acids and antioxidants, argan oil is particularly valued in the alimentary and nutraceutical domains [3, 4] . Indeed, edible argan oil, the basic ingredient of the "Amazigh diet" [5] , is a culinary ethnic food endowed with heart-protecting properties [6] . Edible argan oil is a virgin oil prepared by cold-pressing roasted argan kernels. In parallel, beauty-grade argan oil is extracted from unroasted kernels [7] .
Virgin edible argan oil extraction requires at least six steps: fruit collection, sun-drying, dehulling, nut breaking (or kernel collection), kernel roasting, and cold-pressing. Oil filtration is sometimes added to remove large amounts of gums and waxes. Skipping the roasting step leads to the production of beauty-grade oil. Each processing step dramatically influences the resulting oil in terms of quantity and quality. The importance of the extraction method on the oil quality is already particularly well documented [8] [9] [10] [11] . The influence of fruit quality and drying-time on argan oil physicochemical parameters and quality, respectively, has also been recently reported [8, 11, 12] . Concerning the roasting stage, only the impact of its duration and the resulting volatile component production has been studied, so far [13, 14] . Technical improvements have been recently proposed for the nut-breaking step [15] .
Virgin edible argan oil has repeatedly been shown to possess a better preservation profile than other types of argan oil [10, 11, 16] . Its shelf life is up to two years, whereas that of beauty oil is only a few months [7] . Slight differences observed in phenolic composition of edible and beauty oils are not satisfactory to explain the prolonged shelf life of edible argan oil [17] . Therefore, a close re-examination of the chemical composition of these two types of oil should be informative to explain the remarkable preservation properties of edible argan oil. In this study, we have compared some key quality criteria measured for beauty and edible oils (unroasted and roasted kernels, respectively) with a special focus on phospholipids. To allow an unambiguous comparison, both oil types were rigorously prepared in the same cooperative, at the same time, from the same batch of fresh fruit, and using the same technology.
Virgin edible argan oil, when prepared by mechanical cold-pressing of roasted argan kernels, can be easily preserved for two years at a temperature up to 25°C, if protected from sun-light [16] . Its induction time, evaluated by the Rancimat accelerated method [18] , is 31 hours at 110°C [16] . At the same temperature, we found the Rancimat induction time of beauty argan oil to be only 13 hours. Since only kernel roasting differenciates between the preparative process of these oils, such Rancimat induction time decrease highlights the dramatic influence of roasting on argan oil preservation. To confirm this result, we also determined the induction time of our samples at 90, 100, 120, 130, and 140°C. Independently of the temperature, a much shorter induction time was consistently observed for beauty argan oil, compared with the edible type (Table1). Formation of Maillard-reaction products during roasting is frequently presented to justify the better oxidative stability of roasted seed oils compared with their unroasted counterparts [19] [20] [21] . Tocopherols and carotenoids also actively participate in oil oxidative stability [22, 23] . To determine if non-Maillard-reaction NPC Natural Product Communications 2012 Vol. 7 No. 5 621 -624 products were also responsible for the almost permanent 50%decrease of beauty argan oil Rancimat induction time observed between 90°C and 140°C compared with edible oil, we decided to carefully compare the physicochemical parameters of fresh virgin beauty (non-roasted kernels) and edible (roasted kernels) argan oils. Samples were kept, protected from sun-light, for two years at either 25°C or 40°C, and we repeated some measurements after this period.
Values measured for freshly prepared virgin beauty and edible oils are listed in Table 2 . As anticipated, the beauty oil moisture content was slightly higher than that of the edible oil since roasting at 110°C inevitably results in loss of water. All other examined parameters were closely similar in both types of oil, except carotene (12 vs 21 mg/kg in beauty and edible oil; respectively) and the phosphorus/phospholipid content, which was ten-fold lower in beauty oil than in edible oil. -Carotene is a very lipophilic molecule that is known to present antioxidant properties in synergy with a-tocopherol [23] . However, we found its content determination in edible argan oil complicated by the oil's natural copper-color resulting in yellow and red indices of 39 and 7.7, respectively ( Table 2 ). The estimated -carotene content in edible oil is, therefore, likely to be overestimated. In contrast, beauty argan oil, which is a gold color, presents yellow and red indices of 9.9 and 1.5, respectively (Table 2) , and a more accurate measurement was possible. However, no precise result can be given concerning the carotene influence on edible argan oil oxidative stability.
Phospholipids are integral structural elements of cell membranes. Seed roasting is known to increase the phospholipid content of most seed oils consecutively with a heat-assisted release from membranes [24] [25] [26] . Such a phenomenon is also likely to occur in argan kernels during roasting. The phospholipid content of edible argan oil was found to be ten-times higher than that of beauty oil (0.27 vs 0.02 mg/100 mg, respectively) ( Table 2) . Interestingly, the phosphorus/phospholipid content of beauty oil was found to be as low as that of artisanally-prepared argan oil [16] , the extraction of which is completed by a water-assisted stage.
The Rancimat induction period of artisanally prepared and beauty oils was also found to be in a similar time range. Consequently, our results clearly indicate 1) that phospholipids released during kernel roasting are highly water-extractable, and 2) that traditional (water- assisted) extraction results in the loss of the roasting-generated phospholipid fraction. Traditionally prepared argan oil presents a short shelf life, even when prepared in safe bacteriological conditions. Maillard-reaction product formation is not sufficient to explain the high oxidative stability of mechanically pressed edible oils, compared with artisanally prepared edible argan oil, since both oils are produced from roasted kernels. As beauty and traditionallyprepared argan oils present a low content of phosphorus/ phospholipids and a short shelf life, the prolonged shelf life observed for mechanically cold-pressed edible argan oil is very likely a consequence of this high phospholipid level. Such a hypothesis is fully consistent with the known fact that the simultaneous presence of phospholipids and tocopherols, which are abundant in argan oil, act synergistically as antioxidants in oils [27] [28] [29] [30] . Increase in kernel roasting temperature is even known to increase phospholipid content [29] . However, in the case of argan oil, roasting at a temperature above 110°C induces a burnt-taste considered unpleasant by consumers. Phosphatidylethanolamine is known to be particularly efficient as a preserving agent in edible oils [31] . Consequently, to more precisely identify which type of phospholipid was responsible for this preserving activity, we individually quantified them in edible argan oil. Concentrations of phosphatidylcholine, phosphatidyl-ethanolamine, and phosphatidylserine were calculated to be 40.2, 30.5, and 44.5 mg/100 g, respectively. Therefore, we could not incriminate any precise phospholipid type as responsible for the oxidative stability.
Since oxidative stability of edible argan oil has been recently studied at 25°C and 40°C [16] , we decided to compare the total phospholipid and tocopherol content after a two-year period in edible and beauty oils stored at 25°C and 40°C, and protected from sun-light. Over such a period and at both temperature, the phospholipid content did not significantly change. Results obtained for tocopherols after two years are shown Table 3 ; initial values are listed in Table 2 . Whereas in edible oil total tocopherol content underwent a moderate 10% decrease after two years of storage at 25°C, in beauty oil the decrease was 33% after the same period. After 2 years at 40°C, the loss in total tocopherols was 15% for edible oil, but reached 50% for the beauty oil. and -Tocopherol levels were identically reduced, whereas -tocopherol reduction was more pronounced: 30 % and 60% at 25°C and 40°C, respectively. Tocopherols are antioxidants that protect seed oils. Our data clearly indicate that the high content of phospholipid in edible oil is necessary to maintain a high tocopherol level and hence a high oxidative stability.
Finally, to determine the long-term influence of roasting on the oil oxidative stability, we determined the Rancimat induction time of our oil samples stored for two years at 25°C and 40°C ( Table 4 ). The Rancimat induction time of edible argan oil was found to be 3fold longer than that of beauty oil showing the dramatic influence of tocopherols in oil preservation and hence the necessity of their preservation by phospholipids.
Oxidative stability of argan oil Natural Product Communications Vol. 7 (5) 2012 623 A combination of several compounds is likely to be responsible for edible argan oil's good oxidative stability, as in other oils [32] . Among these compounds, Maillard-reaction products, phospholipids, carotenes, phenolics, and tocopherols are among the most efficient. Our study clearly demonstrates that phospholipids released during the roasting step are also essential to reinforce virgin argan oil stability and act by keeping a sufficiently efficient tocopherol level. Any process that induces a loss in phospholipids, such as water-assisted oil extraction, results in a reduced oxidative stability and consequently a reduced shelf life.
Experimental
Chemicals: Reagents used were either of analytical or HPLC grade. Iso-octane, iso-propanol, cyclohexane, and tocopherols were purchased from Professional Labo (Casablanca, Morocco).
Sample preparation:
Argan oils were prepared by the women of the cooperative of Tiout (Taroudant county, Morocco) using their current technology. Therefore, the studied argan oil samples were rigorously identical to those found on the market. Fruit was harvested during the summer of 2006, and argan kernels were collected in February 2007; argan oil was extracted within 2 weeks. To prepare edible argan oil, kernels were roasted at 110°C for 20 min using a SMIR roaster (Technotour, Agadir, Morocco). Roasting temperature was controlled using a Testo 945 sensor/thermometer (Testo, Casablanca, Morocco). Kernel cold-pressing was carried out using a Komet DD 85 G press (IBG Monforts Oekotec GmbH & Co. KG, Mönchengladbach, Germany).
Sample distribution:
Oil samples were immediately distributed in 60 mL-glass bottles. Samples were immediately analyzed or after 2 years of storage, protected from sunlight, at 25°C or at 40±1°C in an oven. Headspace volume for each bottle was 3.5 (±0.5) mL.
Analytical methods: Acid and peroxide values were determined following official analytical methods (ISO 660 and 3960, respectively) [33, 34] . The acid value, determined by titration of a solution of oil in ethanol with NaOH, is expressed as percent of oleic acid. The peroxide value was determined by iodine titration of a solution of oil in iso-octane/acetic acid (2:1) that had been left in darkness in the presence of potassium iodide with a sodium thiosulfate solution. UV-light absorption (extinction coefficients at K270 and K232) was measured in cyclohexane using a Cary 100 Varian UV spectrophotometer, as previously described [8] . Tocopherols (-) analysis was carried out by HPLC following the AOCS Official method [35] . A Shimadzu fluorescence detector was used. The sample was injected into an analytical C18-Varian column (250x4mm; Varian Inc. Middelburg, The Netherlands). A mobile phase of dry iso-octane/propan-2-ol (99:1) was used at the rate of 1.2 mL/min. Detection was performed at an excitation wavelength of 290 nm and a detection wavelength of 330 nm. Tocopherol standards were used for identification and calibration. Phosphorus content was determined using the NFT 60-227 recommendation [36] . The method determines phosphorus by ashing the sample in the presence of nitric acid, followed by the spectrophotometric measurement of phosphorus as a yellow phosphovanadomolybdic acid complex. -Carotene content was estimated using a PFX-995 Lovibond tintometer (cell length 10 mm) (Dortmund, Germany) that was also used to determine Lovibond red (R) and yellow (Y) indices. The oxidative stability was determined as the induction period recorded by a Rancimat 743 (Metrohm) apparatus using 3 g of oil sample with an air flow of 20L/h [18] . Phospholipids were quantified according to the ISO 11701 [37] method.
Statistical analysis:
Values reported in the tables are the means± SE of 5 replicates. The significance level was set at P=0.05. Separation of the means was performed by Tukey's test at the 0.05 significance level.
